The object of the present paper is to report overall lung function and the regional distribution of ventilation, perfusion, and lung volume in a group of five patients with unilateral diaphragmatic paralysis, unassociated with intrathoracic disease, and to compare these with the distribution patterns in 14 normal control subjects of comparable age.
SUBJECTS
Clinical details of the five patients are shown in Table I . There were two men and three women.
The phrenic paralysis was on the right side in all but one case. All were lifelong non-smokers, except for IM, who had smoked until six months before the study.
In two of the patients there was no evident cause for the paralysis. In one patient it followed an attack of herpes zoster, and this has previously been reported as a cause for phrenic paralysis ' Present address: Fellow in Pulmonary Disease, The Johns Hopkins Hospital, Baltimore, Maryland, USA (Dutt, 1970; Leading article, British Medical Journal, 1970) . The fourth patient was found to have hypothyroidism, which is another known cause of neuropathy (Nickel et al., 1961) . The phrenic paralysis in the fifth was discovered after an accident involving a brachial plexus injury.
Effort dyspnoea was the principal symptom in four patients, and one of these patients also complained of orthopnoea. The fifth patient was symptom free. All patients showed paradoxical movement of the diaphragm on sniffing.
The 14 control subjects were lifelong nonsmokers with no history of lung or heart disease. They had normal chest radiographs, lung function tests, and electrocardiograms.
METHODS
The methods used are those described in the preceding paper (Stewart, Ridyard, and Pearson, 1976) . However, in the present paper, the results were calculated so as to permit a comparison between the two lungs of each patient. The distribution indices of perfusion and inhalation per unit volume for each of the six lung zones were therefore expressed as a percentage of the mean distribution index for both lungs together. Since the division into zones was based on the equilibration scan and the indices were expressed per unit of alveolar volume, the results should not be in- paralysed side as compared with the opposite side (P<001), but this is of lesser degree than the reduction in ventilation.
In Figs 3 and 4 and Table IV , the distribution of inhaled and perfused xenon in the lung opposite to the paralysed diaphragm is compared with the distribution in the 14 healthy control subjects. There is no significant difference between the patients and normal subjects although there is a tendency towards reduced basal ventilation in the lung opposite to the paralysed side. The percentage retention of xenon 30 seconds after injection was within normal limits (less than 30% retained) in three of the five patients in all zones. It was abnormal at the base on the paralysed side in one patient and at both bases in the fifth patient. The mean percentage retention at the base on the paralysed side (20%) was greater than on the other side (13%). This difference, although in keeping with the results of the inhalation scans, was not significant.
The relative volumes of the two lungs were de- total lung capacity to 91%, falling to 71% and 80% respectively in the supine posture. These patients were free of symptoms. Arborelius et al. (1975) studied 17 patients with a paralysed hemidiaphragm and found a mean vital capacity in the sitting position of 74-6% predicted and total lung capacity of 86-1 % predicted; however, in more than half these patients the paralysis had followed thoracotomy.
In the present study of naturally occurring unilateral diaphragmatic paralysis without intrathoracic disease, the mean vital capacity in the erect posture was 73% of predicted and the mean total lung capacity 71%. The gas transfer factor was normal. All but one of the patients noticed effort dyspnoea and one also complained of orthopnoea.
REGIONAL LUNG FUNCTION The principal abnormalities of regional lung function in our five patients with unilateral phrenic paralysis may be summarized as follows:
(1) Lung volumes The paralysed side (right) contributed only 37% of the total lung capacity (normal: 55%, see Table V ) and this presumably accounts for the reduction in vital and total lung capacity already discussed. Arborelius et al. (1975) found that in their 17 patients (of whom 12 had left-sided and five right-sided paralysis) the average contribution to total lung volume of the paralysed side was 41 1%. (2) Ventilation On the paralysed side, inhaled xenon-133 was preferentially distributed to the middle and upper zones ( Fig. 1 ) whereas in the normal subjects distribution was even throughout the three zones (Fig. 3) . There was a similar tendency in the lung opposite to the paralysis but the difference from the lungs of the normal subjects was not statistically significant (Fig. 3) .
The washout of injected xenon may be regarded as a measure of dynamic ventilation and it is of some interest that this, unlike the distribution of a single breath of inhaled xenon, was normal in three of the five patients. Washout was slightly impaired at the base on the paralysed side in one patient and at both bases in the fifth patient. Experience in this laboratory (Evans, 1973; Seaton, D., personal communication) suggests that xenon washout is more sensitive to airways obstruction than to regional variations in lung expansion or compliance. This is supported by the findings in one patient with a phrenic paralysis but an otherwise normal chest radiograph; the paralysis was attributed to herpes zoster, and the patient had originally been admitted to the present study. The xenon washout was normal at the lung base overlying the paralysed diaphragm (less than 30% retention at 30 seconds) but grossly abnormal at the lung apex (64% retention). It was not until six months later that de-aeration of the left apexdue to a carcinoma obstructing the left upper lobe bronchus-was evident in the radiograph. (3) Perfusion Perfusion of xenon-133 was also preferentially distributed to the middle and upper zones on the paralysed side but to a lesser degree than in the case of ventilation. This is a normal finding in the supine posture (see Fig. 4 ) but basal perfusion was significantly less on the paralysed side than in the opposite lung (Fig. 2) . The fact that the basal perfusion defect to some extent matches the ventilation defect is supported by the finding of a normal Pao2 (14-0 kPa) in both the erect and supine postures in subject HN. A possible mechanism for this is alveolar hypoxia within basal lung units inducing a localized pulmonary arteriolar constriction.
The perfusion gradient in the lung opposite the paralysis was, unlike the ventilation gradient, identical with that found in the lungs of normal subjects (Fig. 4) .
These findings confirm the observations of Arborelius et al. (1975) that both ventilation and perfusion are reduced in the lung overlying a paralysed diaphragm and that this reduction is maximal at the base. The present study also shows that these observations are applicable to patients with extrathoracic causes for phrenic paralysis and that, in comparison with normal subjects, there is no significant abnormality of regional lung function in the opposite lung. 
